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Summary  Percutaneous  transcatheter  Melody  Valve  implantation  has  achieved  standard  of
care for  the  management  of  certain  patients  with  right  ventricular  outﬂow  tract  dysfunction.
With its  widespread  use,  some  rare  and  potentially  fatal  complications,  such  as  right  ventri-
cular outﬂow  tract  rupture  and  coronary  artery  compression,  have  been  reported.  We  report
hyperacute  ﬂash  pulmonary  oedema  after  Melody  Valve  implantation  for  the  ﬁrst  time  in  twodisease;
Pulmonary  oedema
patients and  describe  some  possible  predictors.
© 2014  Elsevier  Masson  SAS.  All  rights  reserved.Abbreviations: MRI, magnetic resonance imaging; TPV, transcatheter pulmonary valve.
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Résumé  L’implantation  d’une  valve  Melody  par  voie  percutanée  est  désormais  considérée
comme une  technique  standard  dans  la  prise  en  charge  des  patients  ayant  une  dysfonction  de
la valve  pulmonaire.  Avec  son  utilisation  croissante,  des  complications  rares  et  potentielle-
ment fatales  telles  que  les  ruptures  de  conduits  ou  les  compressions  coronaires  commencent
à être  rapportées.  Nous  rapportons  ici  l’apparition  d’un  œdème  du  poumon  hyperaiguë  après
valvulation  pulmonaire  chez  deux  patients  et  en  décrivons  les  mécanismes  possibles.
© 2014  Elsevier  Masson  SAS.  Tous  droits  réservés.
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iackground
ranscatheter  pulmonary  valve  (TPV)  replacement  was
eported  in  an  animal  model  and  then  in  humans  for
he  ﬁrst  time  in  the  year  2000  [1—3].  Percutaneous  TPV
mplantation  (Melody  Valve;  Medtronic,  Minneapolis,  MN,
SA)  is  now  an  established  therapy  for  the  manage-
ent  of  dysfunctional,  incompetent  and  obstructed  right
entricular  outﬂow  tract  in  eligible  patients  [4—6].  Excel-
ent  early,  mid-term  and  even  long-term  success  rates
ave  been  reported  [7,8].  Coronary  artery  compression,
onduit  ruptures  and  pulmonary  artery  injury  resulting  from
ire  perforation  and  stent  fracture  are  some  procedural
omplications  reported  with  TPV  implantation  [9—11]. We
eport  unusual  cases  of  hyperacute  ﬂash  pulmonary  oedema
ollowing  uncomplicated  TPV  implantation  in  patients  with
tandard  indications  and  normal  left  ventricular  systolic
unction.
ase 1
 15-year-old  male  (weight  61  kg;  height  165  cm)  born  with
ongenital  stenotic  bicuspid  aortic  valve  underwent  surgical
ortic  valve  commissurotomy  during  the  neonatal  period.
ubsequently,  he  underwent  several  palliative  procedures,
ncluding  percutaneous  aortic  dilation  at  9  months  and  sur-
ical  mitral  valve  annuloplasty  with  cleft  closure  at  4  years.
t  5  years  of  age  he  underwent  a  third  balloon  aortic  valve
ilation.
Owing  to  relentless  progression  despite  balloon
alvuloplasties,  with  high  left  ventricular  pressures
190/0/18  mmHg),  a  transaortic  valvular  gradient  of
0  mmHg  and  moderate  insufﬁciency  (aortic  annulus
9  mm),  he  underwent  the  Ross  procedure,  with  placement
f  a  pulmonary  homograft  (16  mm),  at  9  years  of  age;  he
lso  received  optimised  medical  management  with  aspirin
nd  beta-blockers.
Six  years  after  the  Ross  procedure  the  patient  presented
ith  exertion  dyspnoea  and  suprasystemic  right  ventricular
ystolic  pressures  of  125  mmHg,  in  contrast  to  a  systemic
ressure  of  110  mmHg.  Further  evaluation  showed  severe
alciﬁc  stenosis  of  the  pulmonary  homograft,  with  a  max-
mum  velocity  of  6.8  m/s,  a  well-preserved  left  ventricular
jection  fraction  (70%),  trivial  mitral  valve  insufﬁciency,
ild  aortic  valve  insufﬁciency  and  poor  exercise  VO2
ax.  Cardiac  magnetic  resonance  imaging  conﬁrmed  these
f
n
3
vndings  and  cardiac  catheterization  showed  a  right  ven-
ricular  end-diastolic  pressure  of  13  mmHg  and  a  right
entricular  systolic  pressure  of  110  mmHg,  with  75  mmHg
n  the  aorta  during  systole.  Moreover,  pulmonary  pressure
emained  normal  at  24/12  mmHg,  with  a  mean  of  16  mmHg.
fter  ruling  out  possible  coronary  artery  compression,  the
atient  underwent  dilation  and  stenting  of  the  right  ven-
ricular  outﬂow  tract  with  a  CP8Z34  stent  mounted  on  a
0  mm  BIB  balloon  (Numed  Inc.,  Hopkinton,  NY,  USA).  The
mmediate  results  were  very  gratifying,  with  a  reduction
n  right  ventricular  to  pulmonary  artery  pressure  gradient.
fter  3  months,  the  patient  underwent  staged  Melody  Valve
22  mm)  insertion.  The  Melody  Valve  was  well  deployed,
ith  no  complications  or  coronary  artery  compression  and
ostprocedure  haemodynamics  showed  a  right  ventricular
ressure  of  30/0/10  mmHg  and  a pulmonary  artery  pres-
ure  of  30/14  mmHg  (mean  20  mmHg).  The  mean  pulmonary
apillary  wedge  pressures  before  and  after  Melody  Valve
nsertion  were  8  and  12  mmHg,  respectively.  During  the  2-
our  procedure,  the  patient  received  1000  mL  of  serum  and
0  mL  of  contrast  dye.  No  volume  expansion  was  needed
uring  the  catheterization.
Forty-ﬁve  minutes  after  leaving  the  catheterization  lab,
hile  still  in  the  recovery  room,  the  patient  developed  sud-
en  shortness  of  breath,  coughing  out  massive  amounts  of
ink  frothy  sputum,  which  made  intubation  very  difﬁcult,
espite  continuous  suctioning.  At  this  time,  his  systemic
lood  pressure  was  in  the  normal  range  (110/60/75  mmHg).
aturation  dropped  to  70%  and  a  few  litres  of  pink  frothy
uid  were  suctioned  in  a  brief  period  of  time.  The  patient
as  ﬁnally  intubated  and  ventilated  using  jet  ventila-
ion.  During  this  time  he  coded  with  bradycardic  cardiac
rrest,  but  was  successfully  resuscitated  with  pressor  sup-
ort.  A  chest  X-ray  conﬁrmed  signs  of  severe  cardiogenic
ulmonary  oedema  (Fig.  1).  After  5  days,  the  patient
mproved  gradually  with  liberal  diuresis  and  ventilation
ith  positive  end-expiratory  pressure;  he  was  extubated,
atched  for  a  day  in  the  step  down,  and  was  subse-
uently  mobilized  and  discharged  from  telemetry  on  aspirin
nd  diuretics.  Transthoracic  echocardiography  before  dis-
harge  showed  a  well-seated  transcatheter  pulmonary  valve
ith  a reduction  in  right  ventricular  systolic  pressure  to
5  mmHg,  a  right  ventricular  to  pulmonary  artery  max-
mum  velocity  of  2.3  m/s,  good  left  ventricular  systolic
unction  and  no  signs  of  myocardial  ischaemia.  Cardiac  mag-
etic  resonance  imaging  (MRI)  on  subsequent  follow-up  at
 years  showed  normal  volumes  and  function  of  the  right
entricle.
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cFigure 1. Chest X-ray pulmonary artery views: (A) before Melody
showing extensive and classic cardiogenic pulmonary oedema; and 
Case 2
A  13-year-old  female  (weight  26  kg;  height  135  cm)  who
was  born  with  syndromic  tetralogy  of  Fallot  associated  with
Scimitar  syndrome  underwent  complete  surgical  repair  at
8  months  of  age.  A  follow-up  postoperative  transthoracic
echocardiogram  showed  no  signiﬁcant  gradient  over  the
right  ventricle  to  pulmonary  artery  patch.  However,  there
was  turbulence  over  the  reconnected  right  pulmonary  vein,
with  a  gradient  of  6  mmHg.  A  pulmonary  function  test  using
a  lung  perfusion  scan  showed  differential  perfusion,  with
right  lung  perfusion  of  only  27%  compared  with  73%  in  the
left  lung.  As  the  patient  showed  only  minimal  symptoms  of
shortness  of  breath,  with  normal  activities  and  growth,  the
family  opted  for  close  follow-up  on  medication;  she  gradu-
ally  improved  with  diuretics  and  oxygen  therapy,  which  was
successfully  weaned  off  over  time.
At  12  years  of  age,  the  patient  developed  exertion  dys-
pnoea  with  nocturnal  apnoea  requiring  reintroduction  of
home  oxygen.  Cardiac  MRI  showed  severe  dilatation  of
the  right  ventricle,  with  an  indexed  right  ventricular  end-
diastolic  volume  of  164  mL/m2 along  with  hypoplasia  of
the  right  pulmonary  artery  (Fig.  2).  Invasive  haemodynamic
evaluation  showed  a  mean  right  atrial  pressure  of  20  mmHg,
a  right  ventricular  end-diastolic  pressure  of  15  mmHg  and
a  systolic  pulmonary  artery  pressure  of  65  mmHg  (ventric-
ularized  pulmonary  artery  pressure  53/0/8  mmHg),  with
78/48  mmHg  (mean  59  mmHg)  in  the  aorta.  Angiography
showed  severe  left  pulmonary  artery  dilatation  near  its  ori-
gin  (25  mm),  with  massive  pulmonary  regurgitation.  There
was  no  forward  ﬂow  in  the  right  pulmonary  vein;  instead
there  was  forward  ﬂow  of  blood  from  the  main  pulmonary
artery  to  the  right  pulmonary  artery  during  systole  followed
by  backward  ﬂow  of  blood  from  the  right  to  left  pulmonary
artery  (and  the  right  ventricle)  and  thus  into  the  left  atrium
via  the  left  pulmonary  veins.
A  team  decision  was  made  to  replace  the  pulmonary
valve  by  the  transcatheter  technique  using  the  jailing  tech-
nique  [12].  At  ﬁrst,  stenting  of  the  right  pulmonary  artery
was  done  with  an  intrastent  36  mm  proximally  and  an
intrastent  26  mm  distally  (EV3,  Max  LD).  The  procedure
was  staged  to  allow  for  seeding  of  the  stents  and  thus
reduce  the  risk  of  dislodgement.  After  1  month,  the  patient
underwent  successful  percutaneous  Melody  Valve  insertion
after  receiving  preprocedure  diuretic  therapy  for  48  hours.
h
a
a
te implantation; (B) immediately after Melody Valve implantation,
efore discharge.
ardiac  catheterization  data  at  the  end  of  the  procedure
as  as  follows:  mean  right  atrial  pressure  12  mmHg;  left  pul-
onary  artery  pressure  50/30  mmHg  (mean  38  mmHg).  The
ean  pulmonary  capillary  wedge  pressures  before  and  after
elody  Valve  insertion  were  14  and  14  mmHg,  respectively.
uring  the  3.5-hour  stay  in  the  catheterization  laboratory,
he  patient  received  220  mL  of  ﬂuid  and  250  mL  of  contrast
ye  in  total.  No  volume  expansion  was  needed  during  the
atheterization.  In  the  recovery  room,  the  patient  received
n  additional  150  mL  of  ﬂuid  in  90  minutes.
Soon  after  the  procedure,  while  still  in  the  recovery  unit,
he  patient  developed  acute  respiratory  distress  with  pul-
onary  oedema  requiring  high-pressure  continuous  positive
irway  pressure  ventilation  for  5  days.  Her  blood  pres-
ure  rose  from  119/69/85  mmHg  to  135/84/95  mmHg,  1  hour
fter  the  procedure,  but  decreased  to  the  normal  range
ithout  any  medication  thereafter.  A  transthoracic  echocar-
iogram  showed  good  results,  with  a  well-seated  valve  at
he  appropriate  location,  infrasystemic  pulmonary  artery
ressures  and  good  systolic  function  of  the  left  ventricle,
ith  the  shortening  fraction  at  30%.  Five  days  later,  the
atient  was  discharged  home  on  aspirin  and  spironolactone.
n  subsequent  follow-up  at  2  years,  the  patient  showed
igniﬁcant  clinical  improvement,  with  restoration  of  right
entricular  volumes  and  size  to  near  normal  by  cardiac  MRI
Fig.  2).
iscussion
he  two  cases  described  in  this  report  illustrate,  for  the  ﬁrst
ime,  a rare,  transient  and  reversible  phenomenon  of  TPV
mplantation  with  hyperacute  presentation.  Taggart  et  al.
eported  congestive  heart  failure  after  Melody  Valve  implan-
ation  in  a  patient  with  an  operated  left  ventricle  with  left
entricular  to  aortic  graft  and  subacute  onset  of  conges-
ive  symptoms  3  weeks  after  TPV  implantation  [13].  The  two
atients  we  have  described  had  a  catastrophic  and  near  fatal
resentation  immediately  after  TPV  implantation.
We  hypothesize  that  TPV  implantation  in  an  unprepared,
hronically  underﬁlled  left  ventricle  with  a  reverse  Bern-
eim  effect  and  in  the  absence  of  a shunt  lesion  may  cause
 sudden  increase  in  cardiac  output,  with  features  of  hyper-
cute  —  or  rather  catastrophic  —  diastolic  heart  failure.  In
he  presence  of  severe  pulmonary  insufﬁciency,  pulmonary
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Figure 2. Magnetic resonance imaging of Case 2: (A) before
Melody Valve implantation; and (B) after Melody Valve implanta-
tion; see the extensive reduction of right ventricular outﬂow tract
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igure 3. Hypothesis for hyperacute ﬂash pulmonary oedema imme
entricle; PEEP: positive end-expiratory pressure; RV: right ventricle; RVG.  Alsulami  et  al.
enous  forward  ﬂow  (and  thus  left  ventricular  ﬁlling)  is
onsiderably  reduced  (Fig.  3).  With  TPV,  there  is  imme-
iate  augmentation  of  pulmonary  venous  ﬂow,  draining  to
he  innocent,  unprepared  left  ventricle,  which  may  fail  to
ccommodate  all  the  returns.  With  no  additional  room,  vol-
me  increase  occurs  at  the  expense  of  increase  in  pressure,
hich  is  reﬂected  to  the  left  atrium  and  thereby  to  the  lungs,
ausing  acute  pulmonary  oedema.
The  reverse  Bernheim  effect  and  pericardial  constraint
ausing  anatomical  and  functional  ventricular  interdepen-
ence  also  deserve  attention.  Owing  to  sharing  of  transverse
nd  oblique  muscle  ﬁbres  from  the  right  ventricle  to  the  left
entricle,  a  change  in  right  ventricular  geometry  causes  a
hange  in  the  strain  and  rotation  of  the  left  ventricle  [14].
ith  long-standing  pulmonary  insufﬁciency  and  right  ven-
ricular  enlargement,  the  interventricular  septum  bulges  to
he  left  ventricular  inﬂow  and,  furthermore,  the  stretched
ericardium  allows  right  ventricular  enlargement  by  com-
romising  left  ventricular  volumes  (pericardial  constraint).
his  may  be  particularly  true  in  patients  with  frequent
urgeries  and  pericardial  thickening,  although  none  of  the
atients  described  had  any  signs  of  constriction.Fortunately,  acute  diastolic  heart  failure  or,  more  aptly,
verwhelmed  left  ventricle  with  ﬂash  pulmonary  oedema,
s  a  transient  phenomenon  that  gets  rectiﬁed  once  the  left
diately after Melody Valve implantation. iv: intravenous; LV: left
OT: right ventricular outﬂow tract.
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ventricle  gets  self-trained  and  is  ready  for  the  challenge.
A  similar  physiological  increase  in  left  ventricle  preload
is  reported  after  secundum  atrial  septal  defect  closure  in
elderly  patients  with  a  stiff  ventricle  [15].  Invasive  and  non-
invasive  haemodynamic  measurements  during  and  after  TPV
implantation  suggest  favourable  right  ventricular  loading
conditions  and  improvement  in  left  ventricular  ﬁlling  prop-
erties  after  TPV  implantation  over  time  [16—18].  In  view  of
the  two-stage  procedure,  we  believe  that  the  relief  of  the
pulmonary  regurgitation  alone,  with  signiﬁcant  increase  in
antegrade  pulmonary  blood  ﬂow,  may  have  been  an  impor-
tant  contributor  to  overperfusion  pulmonary  oedema.
The  systemic  pressure  quite  likely  rose  transiently  after
anaesthesia.  The  temporal  proﬁle  of  pulmonary  oedema  and
high  systemic  pressure  did  not  match;  pulmonary  oedema
persisted  despite  systemic  pressures  not  higher  than  before
the  intervention,  suggesting  no  relation.
One  may  question  why  not  all  patients  who  qualify  for
the  Melody  Valve  develop  pulmonary  oedema  after  TPV
implantation;  we  still  do  not  have  a  clear  answer.  In  Case
1,  pulmonary  insufﬁciency  developed  after  the  surgical
Ross  procedure,  but  there  are  other  concomitant  factors
that  might  suggest  long-term  left  ventricular  diastolic  dys-
function,  such  as  left  ventricular  outﬂow  tract  obstruction
associated  with  left-sided  anomalies  and  multiple  opera-
tions.  The  clinical  course  of  pulmonary  oedema  in  Case  1  was
quite  aggressive,  as  one  may  expect  from  the  hypothesis.
In  Case  2,  with  tetralogy  of  Fallot  and  Scimitar  syndrome,
the  clinical  course  of  pulmonary  oedema  was  less  aggres-
sive,  which  may  be  due  to  the  preprocedure  priming  with
diuretics  after  lessons  learned  from  Case  1.  The  overlap-
ping  features  in  both  cases  included  left-sided  anomalies,
left-sided  operation,  age  <  15  years  and  severely  elevated
systolic  right  ventricular  pressure  (from  right  ventricular
outﬂow  tract  obstruction  as  in  Case  1  or  from  elevated  pul-
monary  artery  pressure  as  in  Case  2),  along  with  pulmonary
insufﬁciency.  The  degrees  of  right  ventricular  pressure  and
dysfunction  are  also  important  to  mention  as  they  were
present  in  both  patients.
As  a  standard  protocol,  all  patients  receiving  a  Melody
Valve  at  our  institution  go  through  the  same  selection  pro-
cess,  which  includes  a  transthoracic  echocardiogram  and
MRI  in  the  absence  of  contraindications.  Serial  transthoracic
echocardiograms  showed  normal  left  ventricular  diastology
and  normal  left  ventricular  systolic  functions.  However,  for
obvious  reasons,  these  could  not  be  studied  during  resusci-
tation.  We  thought  of  contrast  overload  as  a  possible  factor,
but  the  total  contrast  use  was  80  mL  in  Case  1  and  250  mL
in  Case  2.  The  total  amounts  of  ﬂuid  infusion  in  Cases  1  and
2  were  1000  and  220  mL,  respectively.  At  no  point  in  time
was  volume  expansion  required  in  any  patient  during  the
procedure.
We  observed  this  rare  complication  in  only  two  patients
out  of  more  than  200  TPV  implantation  procedures.  Hav-
ing  learned  from  this  experience,  we  now  evaluate  multiple
diastolic  variables  to  identify  major  predictors  (if  any).  We
recommend  detailed  non-invasive  study  of  left  ventricu-
lar  diastology  before  TPV  implantation,  along  with  planned
preload  reduction  therapy  in  high-risk  selected  patients.  We
also  recommend  judicious  use  of  contrast  to  reduce  dye
load  and  thus  the  need  for  high-volume  intravenous  ﬂu-
ids  for  hydration  during  intervention  and  in  the  immediate223
ostoperative  period.  Once  discharged,  we  encourage  exer-
ise  rehabilitation  to  allow  for  further  left  ventricular
raining  at  higher  cardiac  outputs  for  such  patients.
onclusion
yperacute  ﬂash  pulmonary  oedema  following  TPV  implan-
ation  is  a  rare  and  transient  condition.  We  hypothesize  that
t  is  due  to  a  sudden  increase  in  cardiac  output  that  over-
helms  the  left  ventricle,  which  self-trains  over  time  to
andle  the  load.  If  unanticipated,  this  could  be  a  stormy  and
otentially  fatal  condition.  Nevertheless,  it  gives  tremen-
ous  potential  for  one  to  study  the  dynamic  diastology  of  the
eft  ventricle  after  TPV  implantation.  Left-sided  lesions  with
eft-sided  surgery,  severely  elevated  systolic  right  ventricu-
ar  pressure  with  pulmonary  insufﬁciency  and  an  unplanned
rocedure  with  no  priming  diuretics  seem  to  be  positive  pre-
ictors  based  on  our  report.  However,  a  multicentre  study  on
he  impact  of  TPV  implantation  on  left  ventricular  diastology
ay  improve  our  understanding.
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